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© Wholly aromatic polyesters. 

© Provided is a wholly aromatic polyester superior in melt processabitity and tenacity ^ cons^^^^ 
isent?ally of the following structural units (A). (B) and (C) and wherein 0.2 to 40 mole% of the total ot said units 
are of ortho configuration; 



9> 

(A) - C - Ar'- 0 - 

(B) - C - Ar - ^ ^ ^ ^ ^ ^^^^^ represent a divalent aromatic hydrocarbon 
group having 6 to 20 caAon atSms. the hydrogen atoms of said aromatic hydrocarbon group may be 
substituted with a halogen atom, an alkyi or alkoxy group having 1 to. 4 carbon atoms, or phenyl; Z .s 
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. O -. or 'SO2-: m is 0 or 1, at least 60 mole% of Ar' being constituted by a group selected from 1.4- 
phenylene. substituted 1 ,4iDhenylenes. naphthyl and 4.4 -biphenyl. 
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Wholly Aromatic Polyesters 



Background of the invention 

The present invention relates to wholly aromatic polyesters, particularly wholly aromatic polyesters 
superior in melt processability and tenacity. 

5 Recently there has been an increasing demand for upgrading of organic, high molecular materials so 
that there can be obtained fibers, films and moldings superior in mechanical properties such as tensile 
strength and modulus and in heat resistance. 

As a high molecular material which satisfies the above demand there is known a rigid-rod polymer 
wherein only aromatic rings are linked together in the form of a straight chain. But this polymer is very poor 

10 in its solubility to solvents and the melting point thereof is very high. For this reason it has been difficult to 
effect processing in the state of a solution or In a melted state. 

For solving the above problem there have been proposed a method of introducing an aliphatic chain in 
the main chain, a method of introducing therein an m-substltuted compound, a method of introducing 
therein a 2.6-substituted naphthalene ring, and a method of introducing in an aromatic ring a bulky 

15 substituent such as alkyi, halogen, or phenyl. Since the melting point can be lowered by these methods, it 
becomes possible to effect melt molding, and particularly in a liquid crystal phase, the fluidity is improved 
and so it becomes easy to perform molding. As typical examples of prior art publications disclosing 
polymers which exhibit such melt anisotropy there are mentioned Japanese Patent Publications Nos. 
47870/1972 and 482/1980. 18016/1981 and 13531/1984 as well as Japanese Patent Laid-Open 

20 Nos.65421/1978. 77691/1979. 144024/1980, 172921/1982. 69199/1979 and 25354/1982. 

In those methods, however, there remain many problems to be solved. In the case where an aliphatic 
chain is copolymerized with the main chain, the resulting polymer is Inferior in its mechanical properties and 
the heat resistance is impaired markedly. Also in the introduction of a m-substituted compound by 
copolymerizatlon. the mechanical properties of the resulting copolymer are not always satisfactory and the 

26 tenacity is impaired. The method of introducing a 2,6-substltuted . naphthalene ring can afford superior 
mechanical properties, but the retention of strength at high temperatures is not satisfactory and the 
monomer is expensive. The method of introducing a bulky substituent is also disadvantageous in that the 
retention of strength at high temperatures is not satisfactory and the monomer is expensive. 

It is the object of the present invention to provide a wholly aromatic polyester capable of being 

30 subjected to melt ir^olding and superior in tenacity such as high impact resistance while having superior 
heat resistance. 



Summary of the Invention 

35 

The present invention resides in a wholly aromatic polyester consisting essentially of the following 
structural units (A), (B) and (C) and wherein 0.2 to 40 mole% of the total of said units are of ortho 
configuration: 
o 

40 (A) - C - Ar»- 0 - 
0 0 
(B) - C - Ar2 . C - 

(C) - O - Ar2 f Zm - Ar2 } n 0 - where Ar^ and Ar^ each represent a divalent aromatic hydrocarbon 
group having 6 to 20 carbon atoms, the hydrogen atoms of the said aromatic hydrocarbon group may be 
45 substituted with a halogen atom, an alkyl or alkoxy group having 1 to 4 carbon atoms, or phenyl; Z is 

9H3 
tH3 ' 



50 



- O or - SO2 m is O or 1; and n Is 0 or 1, at least 60 mole% of Ar^ being constituted by a group 
selected from 1.4-phenylene. substituted 1 ,4-phenylenes. naphthylene and 4.4 .-biphenyl. 
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Detailed Description of the Invention 

As examples of Ar1 and Ar2 there are mentioned 1 ,2-phenylene. 1.3-phenylen6, 1 ,4-phenylene. 
substituted 1.4.phenylenes such as 2-chloro-1.4-phenylen9, 2-fluoro-1 .4-phenylene. 2-methyl-1 ,4-phenylene, 
2-ethyl-l 4-phenylene. 2-ttert-butyl] -1, 4-phenylene. 2.methoxy-1 ,4-phenylene. 2-ethoxy-1 ,4.phenylene. 2- 
phenyl-1,'4-phenylene and 2.6-dimethyl-1 .4-ph9nylene, 1 ,2-naphthylene. 1 ,4-naphthlylene, 1 .5-naphthylene. 
2.6-naphthylene, and 4.4'-biphenyl. 

The "structural unit of ortho configuration" in the present invention means a structural unit typified by 

the following: 



i Ov /o > 



c 

I 

C V /o 



o 
c 




^ wherein X represents a substituent group and p is 0 to 2. ^ . , 

The structural unit (A) is derived from an aromatic hydroxycarboxylic acid or a denvative thereof (e.g. 
acetylated derivative), and it is present in an amount in the range of 1 to 99 mole%, preferably 10 to 90 
mole% more preferably 30 to 70 mole%, of all the structural units in the polyester. 

The structural unit (B) is derived from an aromatic dicarboxylic acid or a derivative thereof (e.g. 
dimethyl ester), and it Is present In an amount in the range of 5 to 50 mole%. preferably 10 to 40 mole%, of 
all the structural units In the polyester. . , » j 

The structural unit (C) is derived from an aromatic diol or a derivative thereof (e.g. diacetylated 
derivative), and it is present in an amount in the range of 5 to 50 mole%. preferably 10 to 40 mole%, of al 
the structural units in the polyester. The stmctural units (B) and (C) are present in a substantially equal 

number of moles in the polyester. r ui o on 

It is essential in the present invention that 0.2-40 mole%. preferably 1-30 mole%, more preferably 2-20 
mole% of the total of said units are of ortho configuration. This is an essential condition for obtaining a 
wholly aromatic polyester capable of being subjected to melt molding and superior in tenacity while having 
superior heat resistance. If the proportion of the structural unit of ortho configuration is less than 0.2 mole /i. 

9£ ""r . . ... >i .in ™^^l«o/. 4ka rt^t>\M\nn nnlusctcir will 

it will bo less effective in improving tenacity, wniie ir ii is muio uicm nu ... » 

not exhibit melt anisotropy and its mechanical properties will be poor. 

As suitable examples of compounds which afford the structural unit (A) there are mentioned p- 
hydroxybenzoic add. m-hydroxybenzoic acid, salicylic acid, 4-hydroxy-3-chloroben20ic acid, 4.hydroxy-3- 
methylbenzoic acid. 4-hydroxy-3.5-dimethylbenzoic acid, 2-hydroxy-6-naphthoic acid. 1-hydroxy-5-naph- 
thoic acid. 1 -hydroxy-4-naphthoic acid, syringic acid, vanillic acid, and 4-hydroxy-4 -biphenylcarboxylic acid. 
These compounds may be used alone or as a mixture of two or more. For maintaining melt anisotropy. it is 
necessary that at least 60 mole%. preferably not less than 80 moie%. of Ar' contain a linear chain 
extension bond selected from 1 .4-phenylene. substituted 1 ,4-phenylenes, 2,e-naphthyl a"d ^,4 -biphenyl 

As suitable examples of compounds which afford the structural unit (B) there are mentioned terephthaiic 
*^ acid, methoxyterephthalic acid, ethoxyterephthalic acid, fluoroterephthalic acid, chloroterephthalic acid, 
methylterephthalic acid, isophthallc acid, phthaiic add, methoxyisophthallc add. diphenyl-4.4 -dicarboxy c 
add. naphthalene-2.6-dicarboxylic add. naphthalene-1. 5-dicarboxylic add. naphthalene-1 .4-dlcartDoxylic 
add, and naphthalene-1 ,2- dicarboxylic add. These compounds may be used each alone or as a mixture of 

«° ^^'^ Arsuttable examples of compounds which afford the structural unit (C) there are mentioned 
hydroquinone, catechol, resordnol. methylhydroquinone. chlorohydroquinone, phenylhydroqumone, 1,2- 
dlhydroxynaphthalene. 1.4Klihydroxynaphthalene, 2,6-dihydroxynaphthalene, 2,2 -bis(4-hydroxyphenyl)- 
propane, 4.4'-biphenol. 4.4'-dihydroxydiphenyl ether, and 4.4 -dihydroxydlphenyl sulfone. These com- 
pounds may be used alone or as a mixture of two or more. 

^ The polyester of the present invention can be prepared by any of various ester fomiing reacftons. but 
usually it is prepared by melt polymerization. Preferably there is adopted a method in which starting 
compounds which affbnd the structural units (A) and (C) are fed after conversion of their hydroxyl groups 
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into the form of a lower alkyi ester and a polycondensation reaction Is allowed to proceed by an ester 
interchange reaction. As the lower alkyI ester, acetate is most preferred. 

The polycondensation reaction will proceed even in the absence of catalyst, but the use of a known 
ester interchange catalyst is preferable in order to accelerate polymerization. The catalyst may be used in 
an amount in the range of 0.001 to 1 wt%. preferably 0.005 to 0.5 wt% of the total monomer weight. 
Examples of such catalyst Include alkali metal carboxylates. alkaline earth metal carboxylates. alkyltin 
oxides, diaryltin oxides, alkylstannic acids, titanium dioxide, alkoxytitanium silicates, titanium alkoxides. - 
Lewis acids, and hydrogen halides. 

The melt polymerization is performed at a temperature in the range of usually 150 to 375 C. 
preferably 200° to 350 " C, in an inert gas atmosphere such as nitrogen or argon, under passing of the said 
gas, or under reduced pressure. As the polymerization proceeds, acetic acid will be distilled out in the case 
of using acetate monomers, so according to the amount thereof distilled out arid the polymer viscosity the 
reaction temperature is raised and the degree of pressure reduction is adjusted. The polymerization time is 
usually in the range of 1 to 10 hours. After completion of the melt polymerization the polymer may be 
pulverized finely and the polymerization may be further proceeded in solid phase at a temperature below 
the melting point of the polymer to increase the degree of polymerization. 

The polyester of the present invention exhibits an Inherent viscosity of 0.5 to 10 dt/g, preferably. 1 to 7 
dl/g as determined at 60' C at a concentration of 0.1 wt/vol % in pentafluorophenol. If its inherent viscosity 
is lower than 0.5 dt/g, the polyester will be too small in molecular weight and inferior in mechanical 
properties, while if its inherent viscosity is higher than 10 dt/g. it will become difficult for the polyester to be 
subjected to melt processing. 

The inherent viscosity, ijinh. is calculated as follows: 



^0 : dropping time of pentafluorophenol as a solvent as determinded at 60* C using a Ubbelohde's 
viscometer 

t : dropping time of a solution of a sample dissolved therein 
c : concentration of the sample (g/dt) 

By a conventional melt molding method the polyester of the present invention can be formed into films, 
sheets, injection moldings and various other moldings. As compared with moldings obtained from conven- 
tional thermotropic liquid crystalline polyesters, the moldings obtained from the polyester of the present 
invention are superior in elongation at break and tenacity, so it is possible to make the most of the 
characteristic features of the polyester of the invention in its use as films, sheets, or moldings. 

The present invention will be described below in terms of examples thereof, but it is to be understood 
that the invention is not limited thereto. 



Example 1 

A polymerization example will be described betow. in which catechol was used as a monomer affording 
the structural unit of ortho configuration and formed 2.5 moles % of the total monomer units. 

4.0 moles (720 g) of p-acetoxy benzoic acid, 2.0 moles (332 g) of terephthalic acid. 1.81 moles (489 g) 
of biphenol diacetate and 0.20 mole (39 g) of catechol diacetate were fed into a 3-llter autoclave equipped 
with a stirrer, a gas inlet, a distillation head and a reflux condenser. Then, the autoclave was evacuated to 
vacuum and purged with nitrogen. On heating to 100* C in a nitrogen atmosphere stirring was started. After 
holding 0.5 hour at each of 100\ 130*. 150' and 180 'C. the temperature was raised to 200 C. Then, 
from 200* C up to 330 °C heating was continued with stirring at a rate of SO'C/hr while acetic acid was 
distilled off. The resulting polymer was then withdrawn, solidified and thereafter pulverized. The polymer 
thus pulverized was subjected to a solid-phase polymerization in a vacuum of 1 mmHg in a rotary 
evaporator at 180*C for 0.5 hour, 220' C for 1 hour. 240* C for 1 hour, 250* C for 1 hour, 280' C for 1 hour. 
270* C for 1 hour and 280* C for 6 hours. The resulting polymer exhibited an inherent viscosity of 3.3 dl/g 
as measured at 60* C at a concentration of 0.1 wt/vol % in pentafluorophenol. 

When the polymer was subjected to a thermal analysis at the heat-up rate of 20 C/min using a 
differential scanning calorimeter <DSC), an endothermic peak was observed at 362* C. Further, using a hot 
stage, the polymer In a melted state was observed by means of a polarizing microscope under a crossed 
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nicol. As a result, the polymer exhibited melt anisotropy optically. 

A test piece obtained by injection molding of the polymer after the solid-phase polymenzation was 
measured for bendlrig strength and bending modulus according JIS K7203 and also measured for notched 
Izod impact strength according to JIS K7110. The results are as shown in Table 1. 



Example 2 



A polymerization example will be described below, In which catechol was used as a monomer affording 
the structural unit of ortho configuration and formed 6.2 mole % of the total monomer units. 

According to the method used in Example 1. 4.0 moles (720 g) of p-acetoxybenzoic acid. 2.0 moles 
(332 g) of terephthalic acid, 1.51 moles (407 g) of biphenol diacetate and 0.5 mole (98 g) of catechol 
diacetate were fed and polymerization was conducted. Provided, however, that after reaching 330 C, the 
polymer was held at the same temperature for 1 hour and then withdrawn. The polymer after pulverized 
was subjected to a solid-phase polymerization In the same manner as in Example 1 to afford a polymer 
having an inherent viscosity of 3.9 dt/g. In the DSC measurement, the polymer was found to have a melting 
point of 341 * C. and it exhibited melt anisotropy optically. Mechanical properties of a molded product 
obtained from this polyer are as shown in Tabje 1 . 



Example 3 

A polymerization example will be described below, in which catechol was used as a monomer affording 
the structural unit of ortho configuration and was fed 12.5 mole%. 

According to the method used in Example 1. 4.0 moles (720 g) of p-acetoxybenzoic acid. 2.0 moles 
(332 g) of terephthalic acid. 1.01 moles (270 gO of biphenol diacetate and 1.0 mole (194 g) of catechol 
diacetate were fed and polymerization was conducted. Provided, however, that after reaching 330 C, the 
polymer was held at the same temperature for 2 hours and then withdrawn. The polymer after pulvenzation 
was subjected to solid-phase polymerization in the same manner as in Example 1 to afford a polymer 
having an inherent viscosity of 4.1 dt/g. In the DSC measurement the polymer did not exhibit a clear 
meltii^g point, but at temperatures not lower than about 300 C it exhibited melt anisotropy optically. 
Mechanical properties of a molded product obtained from the polymer are as shown m Table l . 



.15 Examole 4 
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A polymerization example will be described below, in which salicylic acid was used as a monomer 
affording the structural unit of ortho configuration and formed 6.2 mole% of the total monomer units. 

According to the method used in Example 1. 3.5 moles (630 g) of p-acetoxybenzoic acid, 0.5 mole (90 
q) of acetylsalicylic acid. 2.0 moles (332 g) of terephthalic acid and 2.01 moles (543 g) of biphenol diacetate 
were fed and polymerization was conducted. Provided, however, that after reaching 330 C, the polymer 
v.as held at the same temperature for 1 hour and then withdrawn. The polymer after pulverization was 
subjected to a solid-phase polymerization in the same way as in Example 1 to afford a polymer having an 
inherent viscosity of 3.5 dl/g. In the DSC measurement the polymer was found to have a melting point of 
345* C. and It exhibited melt anisotropy optically. Mechanical properties of a molded product obtained from 
the polymer are as shown in Table 1 . 



60 
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Example 5 

A polymerization example will be described below, in which catechol was used as a monomer affording 
the structural unit of ortho configuration and formed 6.2 mole % of the total monomer units. 

According to the method used in Example 1. 4.0 moles (720 g) of p-acetoxybenzolc acid, 2.0 moles 
(332 g) of terephthalic acid. 1.51 motes (296 g) of hydroquinone diacetate and 0.5 mole (98 g) of catechol 
diacetate were fed and polymerization was conducted. Provided, however that after reaching 330 C, the 
polymer was held at the same temperature for 0.5 hour and then withdrawn. The polymer after pulverization 
was subjected to a solid-phase polymerization In the same way as in Exampte 1 to afford a polymer having 
an inherent viscosity of 3.9 dt/g. In the DSC measurement the polymer was found to have a melting point 
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of 350* C and exhibited melt anisotropy optically. Mechanical properties of a molded product obtained from 
the polymer are as set forth in Table 1 . 



5 Comparative Examples 1 - 3 

In place of catechol diacetate of Examples 1-3 there was used isophthailc acid as a monomer 
component for disarranging the linearity of the polymer chains to lower their melting points/ Monomer 
compositions are as tabulated below. 



70 



15 





p-Acetorybenzoic 
acid (mole) 


Terephthalic 
acid (mole) 


Isophthailc 
acid (mole) 


Biphenyl 
diacetate 
(mole) 


Comp- Ex. 1 


4,0 


1.8 


0.2 


2.01 


Comp. Ex. 2 


4.0 


1.5 


0.5 


2.01 


Comp. Ex. 3 


4.0 


1.0 


1.0 


2.01 



Polymerizations and solid-phase polymerizations were performed according to the respective corresponding 
Examples 1-3. The following table shows melting points of the resulting polymers determined from 
endothermic peaks observed in the DSC measurement, as well as inherent viscosities of the polymers. All 
of the polymers exhibited melt anisotropy. 
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30 
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Comp. Ex, 1 



2 
3 



m. p . 

(PC) 

383 



358 

325 



could not be determined, 
because, of poor solubility. 



3.2 

4,2 



Mechanical properties of molded products obtained from the polymers are as set forth in Table 1. 
40 Table 1 





Monomer component 
disarranging linearity (mole 
%) 


Mechanical Properties of Molded Product 


Bending 
Strength 
(kg/cm^) 


Bending 
Modulus 
(kg/cm^) 


Notched Izod Impact 
Strength (kg.cm/cm) 


Ex.1. 


catechol(2.5) 


1.75X103 


13.5X10* 


35 


2. 


catechol(6.25) 


1.66X103 


10.0X10* 


38 


3. 


catechol(12.5) 


1.46X103 


11.2X10* 


90 


4. 


salicylic acid(6.25) 


2.01X103 


9.0X10* 


50 


5. 


catechol(6.25) 


1.33X10* 


9.8X10* 


^ 44 


Corhp.Ex.1 . 


isophthailc acid(2.5) 


1.40X103 


12.6X10* 


20 


2. 


isophthailc acid(6.25) 


1.03X103 


6.5X10* 


15 


3. 


Isophthailc acid(12.6) 


1,38X103 


8.7X10* 


55 



45 



50 
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According to the present invention, as set forth above, there is provided a wholly aromatic polyester 
superior in tenacity such as strength and impact resistance while retaining high heat resistance. 



Claims 

1. A wholly aromatic polyester consisting essentially of the following structural units (A), (B) and (C) and 
wherein 0.2 to 40 mole% of the total of said units are of ortho configuration; 

'O p 

(A) - C - Ar'- 0 - 

O Q 

(B) - C - Ar2- C - 

,5 Where Ar' and Ar= e"ach represent a divalent aromatic hydrocarbon group having 6 to 20 carbon atoms or a 
substituted derivative thereof wherein one or more of the hydrogen atoms is substituted with a halogen 
atom, an alkyi or alkoxy group having 1 to 4 carbon atoms, or phenyl; Z is 

CH. 
- 6 3 

20 I ' ■ 

CH3 

- 0 - or - SO2-; m is 0 or 1; and n is 0 or 1. at least 60 mole% of Ar' being constituted by a group selected 
25 from '1 ,4-phenylene. substituted 1 .4-phenylenes. naphthyl and 4.4 -blphenyl. • 

2 A wholly aromatic polyester as set forth in Claim 1. containing the structural units (A). (B and (C) in 
the proportions of 1-99 mole%. 5-50 mole% and 5-SO mole%. respectively, the structural units (B) and (C) 
being present in substantially equimolar proportions. „h„„.i„ 

3 A wholly aromatic polyester as set forth in Claim 1 or Claim 2 wherein Ar' and Ar^ "'^'"f„^„ll 
30 selected from 1 .2-phenylene. 1 .3-phenylene. 1 .4.phenylene. 2-chloro-1 .4-phenylene 2-f luoro-1 

2-methyM .4.phenylene. 2-ethyl-1 ,4-phenylene. 2-[tert-butyl]-1 ,4-phenylene. ^-^T-f o><yJ^4-phenylene 2- 
ethoxy-1.4^phenylene. 2-phenyl-1 .4-phenylene and 2.6-dimethyl-1.4.phenylene. 1.2-naphthylene. 1.4-naph- 
thvlene. 1 .5-naphthylene, 2.6:naphthylene. and 4,4 -blphenyl. x. . 1 in\ 

4 A wholly aromatic polyester as set forth in any one of Claims 1 . 2 or 3 wherein said structural unit (C) 
« :o Jm hvHroouinone. catechol, resorcinol. methylhydroqulnone. chlorohydroquinone. phenyl- 
" i;yd''roquinoneri'.2-dihydroxynaphthalene. 1 .4-dlhydroxynaphthalene. 2.6-c«hydroxynaphthalene^ disi4- 

hjd oxyphen^Dpropane. 4.4 biphenol. 4.4'-dlhydroxydiphenyl ether or 4.4 dihydroxyd.phenyl sulfone. 
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